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 This work aims at assessing the environmental quality of agricultural 
soils under vine and wheat cultivation in the area of Bouznika-Benslimane 
(Morocco). 50 soil samples were collected and studied. The results obtained 
been studied and recorded on the agronomic parameters, show that the soil’s 
texture is a little clay with a slightly acid pH neutral. 
Moreover, the electrical conductivity values are clearly higher in soils under 
wheat than in those under vine. The variability of CaCO3 contents within the 
different studied soils is generally similar in all stations. Moreover, the 
organic substance rate seems to be more important in the soils under the 
wheat crops (2%) than in those under the vine crops (1, 7%). The examined 
soil samples under vine and wheat have shown that these soils contain an 
important concentration of metal trace elements, essentially the Cu (0, 81 
ppm), the Cd (0, 85 ppm), the Ni (81, 86 ppm), the Pb (67, 14 ppm) and the 
Zn (791, 63 ppm). These metallic elements were also detected in significant 
concentrations within the soils under vine with a pollution index of high (PI). 
 




 When considering different kinds of contaminants, heavy metals are 
especially dangerous because of their persistence and toxicity (Adriano, 
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2001). Heavy metal accumulation in soils can result in a loss of soil 
functions leading to concerns about environmental quality protection, 
maintenance of human health and productivity. Soil pollution can have 
implications in phytotoxicity at high concentrations and result in the transfer 
of heavy metals to the human diet from crop uptake or soil ingestion by 
grazing livestock (Kabata-Pendias et al., 2001; Nicholson et al., 2003; 
CCME, 2007 and Kabata-Pendias et al., 2007). 
 There are two main sources of heavy metals in the soil (Li et al., 
2009b): (i) natural background, which represents the heavy metal 
concentration derived from parent rocks; (ii) including agrochemicals, 
organic amendments, animal manure, mineral fertilizer, sewage sludge and 
industrial wastes. In the last several decades, the natural input of several 
heavy metals to soils due to pedogenesis has been exceeded by the human 
input, even on global and regional scales (Facchinelli et al., 2007). 
 The importance of pH in metal solubility is well-known as it 
influences heavy metal adsorption, retention and movement (Sauvé et al., 
1998; Sauvé et al 2000). Related to this, (Matos et al., 2001) have 
demonstrated that pH and Ca concentration affect Cd, Cu, pb and Zn 
mobility in soils by competition of adsorbing sites (Oste et al., 2002; 
Hernandez et al.; 2003; Micó et al., 2006 and Dragovic et al 2008). 
  
Materials and methods 
Field of study  
 The area of this study belongs to the provinces of the Bouznika and 
Benslimane cities all of which are the Atlantic coast of Morocco. This area is 
between the cities of Rabat and Casablanca (Figure1). This region is 
characterized by a semi-arid Mediterranean climate. The annual rainfall 
average of the last 20 years in the region is about 400 mm. Oceanic influence 
creates variations at the level of the forest microclimate. These changes 
result in an increase of the coast rainfall in Benslimane. In other words, the 
rainfall tends to decrease by the North-South gradient. The minimum and 
maximum annual temperature average is respectively 10.3 and 23.7 °C 
(Amami et al., 2010) 
 
Figure 1: Location of study area 
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 The metal contamination degree of soil is often estimated through the 
total contents of heavy metals in the surface horizon (El Morhit et al ., 2012). 
Through out this work, five stations within the region of Bouznika 
Benslimane are our main field of study. We have looked at 50 samples in all 
stations (superficie of each station is 0.5 hectar) in the horizon [0-20 cm], 
this sampling is aleatory. 
 The stations are selected and classified according to the treatment 
type of the vine cultivation. Those stations are namely OuledTaleb and 
Cherrate stations which are characterized by a traditional treatment. Then, 
there are the stations of Skhairate and Mansfield which are modern stations. 
The last one is Bouznika which is considered as a check station.  
 The mode of irrigation has an effect on soil enrichment in some trace 
element metal (Cd, Pb, Zn ...), it is the case of irrigation with wastewater. In 
our study, irrigation is drop by drop for plots under vine and the rainwater 
for plots under wheat. 
 
The Analysis Method  
 The soils are dried out during seven days, crushed, sifted on 2mm and 
analyszed. The analysis of the texture in the various stations determined by 
the Robinson pipette method of (AFNOR. NF X31-107), the analysis of the 
organic substance has been conducted using Walkley and Black method 
(1934), the electrical conductivity in the method of Rhoades (ISO 
11265:1994), the pH in the method of Mc Lean (1982) while the CaCO3 
dosing was made by the method of Bernard (1966). 
The determination of heavy metals is carried out by ICP-AES method at the 
National Centre for Scientific and Technical Research (Rabat). The 
analytical laboratory follows the standards (1000 ppm accurate JobinYvon) 
certified by the ISO 9001 quality assurance system. 
 
Statistical analyzes 
 Statistical analyzes were performed with the help of the XLSTAT 
2013 statistical software. The analysis of variance was used to find the 
significant effect of environmental parameters (Cd, Cu, Fe, Ni, Zn, Pb and 
Al) and of the other plots. 
 
Results and discussion 
Agronomic parameters  
 The analysis of texture in the various stations revealed that the 
texture is clay in the Ouled Taleb, silty clay loam in Bouznika and 
Mansouria, silt loam in Skhairate and clay loam in cherrate station (Figure 
2). 
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Figure 2: Texture of soils in areas of Bouznika Benslimane 
 
 The pH is considered the main chemical parameter controlling the 
bioavailability of heavy metals in the soil (Brallier et al., 1996). The results 
of this study show that the highest pH is recorded in the Skhairate station, 
whereas the Mansouria station show a lower pH under vine and wheat. 
(Figure3.a). The measurements of the electrical conductivity are lower in the 
soils stations of Bouznika, Mansouria and Ouled Taleb than in the soils of 
Skhairate and Cherrate. Measurements are higher in soils under wheat 
cultivation in comparison with that of the soil vine (Figure3.b).  
 The CaCO3 values are similar under wheat and under vine in all 
station, however they can vary in the stations of Cherrate and Mansouria 
(Figure3.c).  
 Moreover, the average rate of organic substance in the wheat plots is 
higher (2%) than under vine (1.7%) with the exception of the plot of land 
under wheat in Skhairate where there is a supply of organic fertilizer 
(Figure3.d).  
 
Figure 3: Variations in organic matter, EC, CaCO3 and soil pH under vine and under wheat 
stations studied 
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Environmental Parameters  
 The concentration of metal trace elements (MTE) that is measured in 
the soil is the outcome of the heritage created by the alteration of the rock 
concentrations (local geochemical background), more or less altered by soil 
formation process (soil geochemical background).This background is 
enhanced by the contributions of human activities (Baize,1997). For 
aluminum, there is no difference between all stations except in Cherrate 
station which his concentration is heigher in wheat (Figure4.a). The 
concentrations of Fe, which are the lowest, are recorded in the stations of 
Mansouria (6.91 ppm) and of Bouznika (9.49 ppm) while the maximum 
concentrations are obtained in the soils of the region of Ouled Taleb (65.31 
ppm). The difference in the iron concentrations between plots under vine and 
plots under wheat is highly significant in all stations (Figure.4.b). 
  The maximum cadmium was obtained in the under vine soil within 
the area of Cherrate with a grade of 0.81 ppm. The lowest cadmium content 
was observed in the Shkairate station with an average value of 0.52 ppm. 
The difference of concentrations is highly significant between plots under 
vine and plots under wheat at the OuledTaleb, Cherrate and Skhairate 
stations (Figure.4.c). 
 Fungicide treatments of the vines have long been based primarily on 
the salt spray of copper (Cu) on the vine leaves. Their widespread use since 
the late 19th century has led to the pollution of Cu that resulted in risks such 
as the Cu phytotoxicity which threatens the plants grown in these soils 
(Navel, 2011). 
 In our study, the soil under vine shows high or very high levels of Cu 
in comparison with the one under wheat. The maximum concentrations of Cu 
were recorded in soils of Ouled Taleb (66.70 ppm), the difference in copper 
concentrations between stations is highly significant (Figure4.d).  
 The highest concentrations of Ni are recorded in the Ouled Taleb 
under wheat soils. These ones were cultivated with vines before wheat. The 
difference of Nickel concentrations between plots under vine and wheat is 
highly significant in all stations (Figure4.e).  
 The levels of lead found in all stations under study do not generally 
exceed the normal value of uncontaminated soils (100ppm) set by the OMS. 
Thus, the maximum lead is recorded in the under vineyards soils which are 
treated in the traditional way (from 40.84 to 67.14 ppm), while areas of 
Mansouria and Bouznika show low levels of lead with an average of (38.36 
to 40.84 ppm). The difference in lead concentrations between plots of vine 
and wheat is highly significant in all stations (Figure4.f).  
 The Zinc substance which is an essential element is to some extent 
low. However, it causes an acute toxicity with a high dose (Godin, 1982). 
The average concentrations in soil under vines are greater than those 
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obtained in the soil under wheat in all the stations with the exception of 
OuledTaleb station. The difference in zinc concentrations between the plots 
of vine and wheat is highly significant in the stations of Cherrate and 
Mansouria (Figure4.g).  
 
Figure 4: Concentration of heavy metals in soils under vine and wheat on the sites studied 
 
 The average concentrations of the Cu, Cd, Ni, and Pb found in the 
soils of the studied regions are below the OMS standard which is namely 2 
ppm Cd, 100 ppm Cu, 50 ppm Ni, and 100 ppm for pb (El Morhit et al., 
2009).  
 The average concentrations in soil under vine Zn are above the 
standard set by the OMS (300 ppm) in the stations of Bouznika, Shkairate 
and OuledTaleb while they exceed it in the of stations of Cherrate (274 - 
378.35 ppm) and Mansouria (261.98 to 791.63 ppm).  
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 In addition, very low levels of iron (6.91 to 65.3 ppm) are recorded in 
the soils being studied at the level of all stations in comparison with the 
average maximum levels recommended by the OMS (10 000- 50 000 ppm). 
These values have allowed us to detect iron deficiency in our soils.  
 The correlation test between the different parameters being studied 
allowed us to highlight: 
 Positive correlations were found between pH, EC and organic matter 
while moderate correlations were observed between Cadmium and Nickel, 
Lead and Zinc (Table 1).  
Table1: The best correlation coefficients obtained in this study. 
 
 
 Iron concentrations in the different studied soils are perfectly 
correlated with copper concentrations (Figure 5). Negative and remarkable 
correlations are recorded between the Zinc, pH, organic matter, copper and 
iron. In addition, positive correlations were found between the CaCO3 and 
Zinc, Cadmium and Lead and between Nickel and Cadmium, Copper and 
Iron (Table 1). 
 
Figure 5: Diagram Correlation iron / copper in soils studied 
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 The heavy metals contamination in the environmental surface is 
related to all the contaminants rather than to one metal. Several authors have 
introduced the pollution index of soil to identify the multi-element 
contamination which leads to an increase in the metal pollution (Lee et al., 
2001; Chon et al., 1998 and Nimick et al., 1991).  
 The pollution index is defined as the rapports means of the metal 
concentrations in soil samples against the limit values ( Jung, 1995).  
 The calculated values of pollution index shows that soil under vines 
are more polluted soil under wheat. This pollution seems to reduce in the 
control station of Bouznika. 
 The decrease in pollution in the wheat plots of land is comparable to 
other wheat plots with the exception of the OuledTaleb station. 
 In fact, in this station, the soil under wheat show high concentrations 
of Cd (0.724 ppm), Cu (54,696 ppm), Fe (59,868 ppm), Ni (44.762 ppm), Pb 
and 54.338 ppm (Figure6). 
 The spatial variation of the pollution index in the region of Bouznika-
Benslimane indicates maximum values observed in soil under vine station 
Mansouria (0.508) while the lowest values are noticed in the under wheat 
soils within the Skhairate area (0,298).  
 
Figure 6: Indices of pollution soils under vine and wheat in each station 
 
Conclusion 
 The agronomical characterization of the study of soil has allowed us 
to demonstrate that the electrical conductivity, pH and organic matter are 
significantly higher in soils under wheat compared with soils under vine.  
 The contamination evaluation in the soils under vine and wheat 
within the region of Bouznika-Benslimane and by the metal trace elements 
(Al, Cd, Cu, Fe, Ni, and Pb) shows that these soils have concentrations 
below the established standards OMS, with an abnormality detected for Zn 
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especially for soils under vine. Indeed, some values of this element exceed 
the critical threshold of 300 ppm set by OMS. The Iron deficiency was 
recorded at the five study sites. 
From a statistical point of view we could highlight: 
Positive correlations between organic matter, pH and EC; 
- A perfect correlation between Cu and Fe;  
- Strong correlations between the Zn, the pH, the CaCO3, 
the organic matter, the Cd, the Cu, and the Fe. 
 The pollution index, calculated in the layer [0-20 cm], shows higher 
values under vine in the OuledTaleb, Cherrate, Skhairate and Mansouria 
stations and in comparison with the control station of Bouznika. 
 
References: 
Adriano, D.C, Trace Eléments in Terrestrial Environnements. 
Biogeochemistry, Bioavailability and Risks of Metals. Springer-Verlag, New 
York (2001). 
AFNOR. NF X31-107., Qualité du sol : Détermination de la distribution 
granulométrique des particules du sol : Méthode à la pipette. Thème: 
Propriétés physiques des sols (2003).  
Amami, B., Serge, D.M.,Rhazi, L.,Rhazi, M.,Bouahim, S., : Modern pollen–
vegetation relationships within a small Mediterranean temporary pool 
(western Morocco), (2010) Review of Palaeobotany and Palynology. 
Baize, D., Teneurs totales en éléments traces métalliques dans les sols 
(France). Reference set strategies d’interprétation. INRA Editions, Paris. 
(1997). 410 p. 
Brallier, S.,  Harrison, R.B.,  Henry, C.L., Dongsen, X., Liming effects on 
availability of Cd, Cu, Ni and Zn in a soil amended with sewage sludge 16 
years previously. Water, Airand soil Pollution, (1996). 86, 195-206. 
CCME, Canadian soil quality guidelines for the protection of environmental 
and human health: summary tables (2007). In: Canadian Environmental 
Quality Guidelines, 1999. CCME, Winnipeg. 
Chon, H.T.,Ahn, J.S.,Jung. M.C., Seasonal variations and chemical forms of 
heavy metals in soils and dusts from the satellite cities of Seoul, Korea. 
Environ. Geochem. Health (1998). 20, 77–86. 
Dragovic, S., Mihailovic, N., Gajic, B., Heavy metals in soils: distribution, 
relationship with soil characteristics and radionucleids and multivariate 
assessment of contamination sources. Chemosphere(2008). 72, 491–495. 
El Morhit, M., Fekhaoui, M., El Abidi, A., Yahyaoui, A.,. Contamination des 
muscles de cinq espèces de poissons de l’estuaire du bas Loukkoset qualité 
de l’alimentation animale au Maroc (côte atlantique marocaine). ScienceLib., 
(2012). 4, 1–21. 
European Scientific Journal   August  2014 edition vol.10, No.24   ISSN: 1857 – 7881 (Print)  e - ISSN 1857- 7431 
32 
El Morhit, M.,Fekhaoui, M., Elie, P., Girard, P.,Yahyaoui, A., ElAbidi, A., 
Jbilou, M.,Heavy metals in sediment, water and the European glass eel, 
Anguilla Anguilla (Osteichthyes :Anguillidae) from Loukkos river estuary 
(Morocco eastern Atlantic). Cybium, (2009). 33 (3), 219–228. 
Facchinelli, A., Sacchi, E., Mallen, L., Multivariate statistical and GISbased 
approach to identify heavy metal sources in soils. Environmental Pollution 
(2001).114, 313–324. 
Godin, sources de contaminations et enjeux. Séminaire: «Eléments traces et 
pollution des sols», 4-5 mai 1982 Paris, PP 3-12. 
Hernandez, L., Probst, A., Probst, J.L., Ulrich, E..,Heavy metal distribution 
in some French forest soils: evidence for atmospheric contamination. Sci. 
Total Environ. (2003). 312, 195–219. 
ISO 11265:1994 ‘’Qualité du sol’’ Détermination de la conductivité 
électrique spécifique. 
Jung, M.C., Environnemental contamination of heavy metals in soils, plans, 
waters and sediments in the vicinity of metal liferous mine in Korea. Unpubl. 
PhD thesis, Univ, London, (1995). pp: 189-317. 
Kabata-Pendias, A., Pendias, H., Trace Elements in Soils and Plants. CRS 
Press, Boca Raton (2001). 
Kabata-Pendias, A.B. Mukherjee., Trace Elements from Soil to Human. 
Springer- Verlag, Berlin (2007). 
Lee, C.G., Chon, H.T., Jung, M.C., Heavy metal contamination in the 
vincinity of the daduk Au-Ag-Pb-Zn mine in Korea. Applied Geochemistry, 
(2001).16: 1377-1386. 
Li, J.L., He, M., Han, W., Gu, Y.F., Analysis and assessment on heavy metal 
sources in the coastal soils developed from alluvial deposits using 
multivariate statistical methods. Journal of Hazardous Materials (2009b). 
164, 976–981. 
Matos, A.T., Fontes, M.P.F., da Costa, L.M., Martinez, M.A., Mobility of 
heavy metals as related to soil chemicals and mineralogical characteristics of 
Brazilian soils. Environ. Pollut. (2001). 111, 429–435. 
Méthode de Bernard décrite par Chamley., Guide Des techniques du 
laboratoire de Géologie Marine de Luminy, (1966).198p. 
Micó, C., Recatalá, L., Peris, M., Sánchez, J.,Assessing heavy metal sources 
in agricultural soils of an European Mediterranean area by multivariate 
analysis. Chemosphere (2006). 65, 863–872. 
Mc Lean, E.O., pH and lime requirements. In: Page, A.L. et al. (Eds.), 
Methods of Soil Analysis, Part 2, second ed., Agronomy, vol. 9 Soil Society 
of America, Madison (1982), WI, pp. 199–244.  
Navel, A., Distribution, spéciation, impact et transfert du cuivre dans un sol 
sous vigne: rôle de la structuration spatiale et du statut organique Thèse de 
Doctorat, l’Université de Grenoble (2011), 253P. 
European Scientific Journal   August  2014 edition vol.10, No.24   ISSN: 1857 – 7881 (Print)  e - ISSN 1857- 7431 
33 
Nicholson, F.A., Smith, S.R., Alloway, B.J.,  Carlton-Smith, C.,  Chambers, 
B.J.,An inventory of heavy metals inputs to agricultural soils in England and 
Wales. Sci. Total Environ,(2003) 311, 205–219. 
Nimick, D.A &Moor, J.M., Prediction of water-soluble metal concentrations 
in fluvially deposited tailing sediments, Upper Clarck Fotk Valley, Montana, 
USA. Applied Geochem, (1991). 6: 635-646. 
Oste, L.A.,Temminghoff, E.J.M., Van Riemsdijk, W.H., Solid-solution 
portioning of organic matter in soils as influenced by an increase in pH or Ca 
concentration. Environ. Sci. Technol. (2002). 36, 208–214. 
Sauvé, S., McBride, M.B., Hendershot, W.H., 1997a. Speciation of lead in 
contaminated soils. Environ. Pollut.(1998), 149–155. 
Sauvé, S., Hendershot, W., Allen, H.E., 2000. Solid-solution portioning of 
metals in contaminated soils: dependence on pH, total metal burden, and 
organic matter. Environ. Sci. Technol. 34, 1125–1131. 
Walkley, A. and Black, I.A., An examination of the Degtjareff method for 
determining organic carbon in soils: Effect of variations in digestion 
conditions and of inorganic soil constituents (1934). Soil Sci. 63:251-263. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
